in biomass utilization by systematically reducing GHG emissions in a bioenergy system. 77 found that biofuels still had advantages in terms of GHG emissions in most of the scenarios. 101
Towards a More Comprehensive Estimation System
The global warming potential (GWP) of biogenic CO 2 should also be accounted for in the 102 estimation of climate change impacts of bioenergy systems. This is because biogenic CO 2 from 103 biomass combustion is a one-time pulse emission and requires years to be compensated by 104 biomass regrowth (Cherubini and Strømman 2011 encouraged the collection of waste wood for bioenergy because its GWP bio could be as low as -1 113 (Pingoud et al. 2012 ). However, whole tree harvesting for bioenergy is not very common, and 114 this harvest strategy could cause high GWP bio . If a forest is harvested primarily for long-lived 115 wood product, the GWP bio of forest residue could be lower (Liu et al. 2017) . 116
These findings provide a rationale for correcting problems related to the carbon neutral 117 assumption. Critical analyses by several researchers are useful in creating a new basis for 118 developing a more comprehensive estimation system for accounting emissions from biomass 119 utilization. This system could provide a fair comparison of GHG emissions from bioenergy and 120 fossil fuel, which is essential for accurate estimation of carbon emissions from biomass 121 utilization, especially regarding forest biomass utilization (Chum et al. 2011; Zetterberg and 122
Chen 2015). 123
Objectives

124
This study presents a critical assessment of common assumptions about carbon neutrality and 125 reviews current literature aiming. Our objectives are: i) to identify and summarize deficiencies of 126 LCA for bioenergy system in current carbon emissions accounting practices, and ii) to 127 recapitulate and propose remedy approaches for those deficiencies. We also identify future 128 research needs to improve the standards of life cycle carbon emissions accounting in forest 129 biomass utilization. Section 2 summarizes necessary adjustments of the carbon neutral 130 assumption, while Section 3 focuses on research needs that are required to improve the accuracy 131 of estimating the impacts of forest residue-derived bioenergy. Section 4 discusses uncertainties 132 in assessing environmental impacts, while Section 5 presents a summary of faulty carbon neutral 133 assumptions and possible remedies. Fig. 1 shows the systematic framework of this paper. . Thus, the carbon neutral assumption is problematic when biomass is imported 157 from a developing country and burned in a developed country (Marland 2010 
and the GWP bio is then defined as: 177 
where ‫ܩܪܩ‬ ௧௧ is total life cycle GHG emissions of bioenergy product, ‫ܩܪܩ‬ ௦௦ and ‫ܩܪܩ‬ 197 are GHG and biogenic CO 2 emissions from fossil fuel and biomass during the production of a 198 bioenergy product. When combusted in a heating plant, one cubic meter solid biomass over bark had only 13 kg CO 2 230 eq GHG emissions from the forest logging site to the heating plant (Valente et al. 2011) . 231 
Effects of Land Use Change and Forest Carbon Change
where ‫ܩܪܩ‬ is the result and FU is the function unit (MJ) of a traditional LCA study, ρ is the 278 percentage of forest biomass used for bioenergy, and ߪ is the coefficient to convert carbon 279 harvested, and these emissions should be subtracted from the total GHG emissions. 336
With the awareness of carbon emissions due to disturbed soil carbon dynamics, many 337 studies have attempted to correct the associated accounting errors in LCA. However, there is no 338 commonly accepted model to simulate soil carbon dynamics with a specific focus on addressing 339 impacts of forest residue removal. This is due to the challenges in capturing the effects of 340 varying tree species, soil properties and soil disturbance types ( of carbon emissions can be accounted to forest fires, the shift of fire regime can significantly 361 influence the atmospheric CO 2 concentration, e.g. the increase of CO 2 in 1998 was mainly 362 attributed to wildfires (Yurganov et al. 2005) . 363
Fire prevention has thus a high potential to reduce atmospheric CO 2 . To prevent forest 364 fires, the harvest of forest residue for biofuel is usually thought to be an effective management 365 practice, especially in forests with a high fuel accumulation due to fire suppression (Elliot et al. 
